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TITLE OF THE INVENTION 
INFORMATION PROCESSING DEVICE AND METHOD 
5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an information 
processing device and an information processing method for 
10 performing voice guidance in an information processing 

apparatus, such as a personal computer, facsimile machine, 
or a copying machine, provided with a multifunctional user 
interface . 

Description of the Related Art 

15 [0002] Recently, information processing apparatuses, such as 

personal computers, facsimile machines, and copying machines, 
have been provided with more various and more complicated 
functions. Thus, it is very difficult for general users to 
remember such complicated functions to use them efficiently. 

20 Since there are some unfamiliar functions that are not used 

by users who are familiar with the apparatuses, even the 
users who are familiar with the apparatuses may need 
guidance, such as explanations for the unfamiliar functions. 
Thus, apparatuses, which are typified by copying machines 

25 and the like, providing operational guidance by voice or the 
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like so that users can efficiently perform various 
operations are commonly known. For example, an interactive 
device that is disclosed, for example, in Japanese Patent 
Laid-open No. 8-44520 is known in which operational ability 
5 of a user is determined from time spent for input operations 
and guidance for general users is changed in accordance with 
the user's operational ability. 

[0003] However, in the known interactive device mentioned 

above, input operations during interactive processing are 
10 determined in order to determine appropriate guidance. Thus, 
appropriate guidance is determined only from interactive 
operations, which are performed after listening to 
operational guidance. Therefore, when users who often use 
the apparatuses use an unfamiliar function, their knowledge 
15 is almost equal to the knowledge of users who are unfamiliar 

with the apparatuses. Also, for guidance for an operation 

I 

whose procedures are not specified, guidance desired by 
users may not be output. Moreover, for an apparatus, such 
as a copying machine, it is useless for users who have 
20 knowledge about troubleshooting for a paper jam or the like 

to listen to guidance for this kind of troubleshooting many 
times. In contrast, users who have little knowledge about 
the troubleshooting need appropriate guidance. 



25 



SUMMARY OF THE INVENTION 



[0004] The present invention is designed with respect to the 
circumstances described above, and the object of the present 
invention is to provide an information processing device and 
an information processing method in an information 
processing apparatus in which appropriate voice guidance is 
selected in accordance with operation history unique to a 
user and the user's knowledge about the apparatus and in 
which such voice guidance is output from the single 
apparatus . 

[0005] An information processing device according to the 
present invention is included in an information processing 
apparatus and outputs guidance information for an operation 
performed for the information processing apparatus by a user. 
The information processing device includes a history 
information storing unit that stores operation history 
information unique to the user; an operation identification 
unit for identifying the type of operation performed by the 
user; a guidance information storing unit for storing at 
least one piece of guidance information on the operation; a 
selection unit for selecting appropriate guidance 
information from the guidance information storing unit on 
the basis of the operation history information on the 
operation unique to the user; and an output unit for 
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outputting the selected guidance information. 
[0006] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments with reference to 
5 the attached drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0007] Fig. 1 is a block diagram of the structure of a voice 
10 guidance device according to a first embodiment of the 

present invention . 

[0008] Fig. 2 is a flowchart for explaining the operational 
procedures performed in the voice guidance device according 
to the first embodiment of the present invention. 
15 [0009] Fig. 3 is a flowchart for explaining a process of a 

guidance determination method according to the first 
embodiment of the present invention. 

[0010] Fig. 4 is a block diagram of the structure of a voice 
guidance device according to a second embodiment of the 

20 present invention. 

[0011] Fig. 5 is a flowchart for explaining the operational 
procedures performed in the voice guidance device according 
to the second embodiment of the present invention. 
[0012] Fig. 6 is a flowchart for explaining a process of a 

25 guidance determination method according to the second 
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embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [0013] Embodiments of the present invention will be 

described with reference to the drawings. 

First Embodiment 

[0014] Fig. 1 is a block diagram of the structure of a voice 

10 guidance device according to a first embodiment of the 

present invention. Referring to Fig. 1, the voice guidance 
device according to the first embodiment includes a user 
information acquisition unit 101 for acquiring user 
information, such as a user ID, and for determining which 

15 user is operating the voice guidance device; an input 

control unit 102 for detecting the type of operation (for 
example, a button press) performed by the user; an operation 
history database 106 for storing operation history 
information for a plurality of users; an operational 

20 knowledge determination unit 103 for determining operation 

history information and operational knowledge of the user on 
the basis of the detected user's operational information by 
referring to the operation history database 106; a voice 
guidance database 107 for storing a plurality of pieces of 

25 voice guidance information for each piece of operational 
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information; a guidance selection unit 104 for selecting 
appropriate voice guidance information from the voice 
guidance database 107 on the basis of the determined user's 
operational knowledge; and a voice output unit 105 for 
5 outputting the selected voice guidance. 

[0015] The operational procedures performed in the voice 
guidance device according to the first embodiment will now 
be described with reference to a flowchart shown in Fig. 2. 
A user inputs user information to an apparatus that includes 

10 the voice guidance device. Accordingly, the voice guidance 
device acquires the user information by the user information 
acquisition unit 101 (step SlOl) . The user information 
includes a user ID and the like, and such information allows 
the user to be identified. 

15 [0016] When the identified user performs an operation, the 

type of operation is determined by the input control unit 
102 (step S102) . The type of operation determined by the 
input control unit 102 is transmitted to the operational 
knowledge determination unit 103. The operational knowledge 

20 determination unit 103 refers to the operation history 

database 106 to acquire operation history information, e.g. 
the number of times the operation has been performed, of the 
identified user on the basis of the user information (step 
S103) . 

25 [0017] The operational knowledge determination unit 103 
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determines the degree of the user's knowledge about the 
operation (step S104) , and transmits the results to the 
guidance selection unit 104. The guidance selection unit 
104 selects voice guidance information appropriate for the 
5 user by referring to the voice guidance database 107 on the 

basis of the information transmitted from the operational 
knowledge determination unit 103 (step S105) . The voice 
output unit 105 outputs the voice guidance information 
transmitted from the guidance selection unit 104 (step S106) . 

10 [0018] In other words, the information processing device 

(voice guidance device) according to the present invention 
outputs guidance information for an operation performed for 
an information processing apparatus by a user. Thus, the 
information processing device includes the user information 

15 acquisition unit 101 for identifying the user who is 

operating the information processing device, the operation 
history database 106 for storing operation history 
information unique to the user, the input control unit 102 
for identifying the type of operation performed by the user, 

20 the voice guidance database 107 for storing at least one 

piece of guidance information on the operation, the guidance 
selection unit 104 for selecting appropriate guidance 
information on the basis of the operation history 
information on the operation unique to the user, and the 

25 voice output unit 105 for outputting the selected guidance 
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information . 

[0019] Also, the information processing device according to 
the present invention further includes the operational 
knowledge determination unit 103 for determining the degree 
5 of the user's knowledge about the operation on the basis of 

the operation history information of the user, and the 
guidance selection unit 104 selects appropriate guidance 
information from the voice guidance database 107 on the 
basis of the results determined by the operational knowledge 
10 determination unit 103. 

[0020] The specific operational procedures according to the 
first embodiment will now be described by way of example of 
a copying machine. 

[0021] After the user presses a button to acquire a user ID, 
15 guidance for inputting user information is displayed on a 
touch panel or the like. The input of the user ID and the 
like by the user using the button or the like allows the 
copying machine to identify the user. Then, the copying 
machine displays a special screen for the identified user on 
2 0 the touch panel. Also, the copying machine designates 

operation history of the identified user. 

[0022] The user presses any button on the touch panel. Here, 
for example, the user presses a "double-sided copy" button. 
The copying machine then searches for history information of 
25 the user on the "double-sided copy" button from the 
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operation history database 106. The operation history 
database 106 holds time information on the point in time at 
which the "double-sided copy" button is pressed, and the 
number of times this button has been pressed is increased by 
5 one. Then, the history information is acquired from the 
operation history database 106. The information acquired 
from the operation history database 106 includes the use 
history (time information) and the number of times the 
button has been pressed (the number of presses) . The 
10 necessity of the guidance for the "double-sided copy" button 
press operation by the user is determined on the basis of 
such information. 

[0023] A process of a guidance determination method 
according to the first embodiment will now be described with 

15 reference to a flowchart shown in Fig. 3. Operation history 
information is acquired (step S201) . Since the number N of 
times the user has operated the "double-sided copy" button 
is known in step S201, it is determined whether or not the 
number N of times the user has performed the operation is 

20 greater than or equal to an operation threshold number Nt 
(step S202) . If the number N of times the user has 
performed the operation is less than the operation threshold 
number Nt (if the determination in step S202 is negative), 
it is determined that detailed guidance for the operation is 

25 necessary (step S203) . 
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[0024] If the number N of times the user has performed the 
operation is greater than or equal to the operation 
threshold number Nt (if the determination in step S202 is 
positive), the difference Ts between the current time 
5 information T and operation history (time information) T' is 

calculated (step S204), and it is determined whether or not 
the difference Ts is greater than or equal to an operation 
history threshold value Tt (step S205) . If the difference 
Ts is greater than or equal to the operation history 

10 threshold value Tt (if the determination in step S205 is 

positive) , it is determined that the detailed guidance is 
necessary (step S206) . If the difference Ts is less than 
the operation history threshold value Tt (if the 
determination in step S205 is negative), it is determined 

15 that the detailed guidance is not necessary (step S207) . In 

this case, simple guidance is set. 

[0025] In other words, in the information processing device 
(voice guidance device) , according to the present invention, 
the operation history information means the number N of 

20 times each user has performed each operation and the 

frequency of each operation performed by each user, which is 
the inverse of the difference Ts of time information. 
[0026] Also, in the information processing device, according 
to the present invention, the voice guidance database 107 

25 stores detailed guidance information and simple guidance 
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information for a single operation. For a case where the 
number of times the user has performed the operation is 
small or for a case where the number of times the user has 
performed the operation is large but the frequency of the 
5 operation is low, the guidance selection unit 104 selects 

the detailed guidance information. In contrast, for a case 
where the number of times the user has performed the 
operation is large and the frequency of the operation is 
high, the guidance selection unit 104 selects the simple 

10 guidance information. 

[0027] Moreover, in the information processing device 
according to the present invention, for a case where the 
number of times the user has performed the operation is 
large and the frequency of the operation is high, the 

15 guidance selection unit 104 does not select any guidance 
information. Thus, the voice output unit 105 does not 
output any guidance information. 

[0028] When the process determines that guidance is 
necessary, corresponding guidance is output by voice. For 

20 example, voice guidance, such as "By pressing a double-sided 

copy button, mainly single-sided to double-sided, double- 
sided to double-sided ..." is output. Also, the degrees of 
outputting the voice guidance may be classified depending on 
the number of times the button has been operated. For 

25 example, the output speed of the voice guidance may be 
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increased if the number of times the operation has been 
performed is large, and the output speed of the voice 
guidance may be reduced if the number of times the operation 
has been performed is small. Accordingly, the speed of 
5 voice output may be changed in accordance with the number of 
times the operation has been performed. Also, instead of 
providing simple guidance, output of all guidance may be 
eliminated. Moreover, the guidance described above is not 
necessarily provided in voice. The guidance may be 
10 displayed as "characters" on a monitor, a panel, and any 
other method that would enable practice of the present 
invention , 

[0029] The output of such voice guidance is not necessarily 
limited to the case described above where a copying machine 
15 is used. The output of such guidance is also applicable to 

a facsimile machine, an application program on a personal 
computer, or any case that would allow practice of the 
present invention . 

20 Second Embodiment 

[0030] The guidance provided in the first embodiment is 
aimed at helping operational procedures. The guidance 
provided in the second embodiment is aimed at helping when 
unexpected trouble occurs. 

25 [0031] In general, there is a possibility that trouble, such 
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as a paper jams or toner depletion^ may occur in copying 
machines and the like. Voice guidance can be provided for 
such cases as in the first embodiment. For example, the 
occurrence of a paper jam can be announced to a user not 
5 only by a beep tone or display, but also by voice guidance. 

[0032] Fig. 4 is a block diagram of the structure of a voice 
guidance device according to the second embodiment. 
Referring to Fig. 4, the voice guidance device includes a 
user information acquisition unit 301 for acquiring user 

10 information, such as a user ID, and for determining which 

user is operating the voice guidance device; a trouble 
detection unit 302 for detecting trouble in an apparatus and 
acquiring trouble information about the type of trouble; a 
trouble history database 306 for storing trouble history 

15 information for a plurality of users; a troubleshooting 

knowledge determination unit 303 for determining trouble 
history information and troubleshooting knowledge of the 
user on the basis of the detected user's trouble information 
by referring to the trouble history database 306; a voice 

20 guidance database 307 for storing a plurality of pieces of 
voice guidance information for each piece of trouble 
information; a guidance selection unit 304 for selecting 
appropriate voice guidance information from the voice 
guidance database 307 on the basis of the determined user's 

25 troubleshooting knowledge; and a voice output unit 305 for 
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outputting the selected voice guidance. 

[0033] The operational procedures performed in the voice 
guidance device according to the second embodiment will now 
be described with reference to a flowchart shown in Fig. 5. 
5 A user inputs user information to the voice guidance device. 
Accordingly, the voice guidance device acquires the user 
information by the user information acquisition unit 301 
(step S301) . The user information includes a user ID and 
the like, and such information allows the user to be 

10 identified. 

[0034] When trouble occurs during the use by the identified 
user, trouble information, which is information about the 
details of the trouble and the like, is detected by the 
trouble detection unit 302 (step S302) . The type of trouble 

15 detected by the trouble detection unit 302 is transmitted to 
the troubleshooting knowledge determination unit 303. The 
troubleshooting knowledge determination unit 303 refers to 
the trouble history database 306 to acquire trouble history 
information, the number of times the trouble has occurred, 

20 and the like of the identified user on the basis of the user 

information (step S303) . 

[0035] The troubleshooting knowledge determination unit 303 
determines the degree of the user's knowledge about the 
troubleshooting (step S304), and transmits the results to 
25 the guidance selection unit 304 . The guidance selection 
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unit 304 selects voice guidance information appropriate for 
the user by referring to the voice guidance database 307 on 
the basis of the information transmitted from the 
troubleshooting knowledge determination unit 303 (step S305) . 
5 The voice output unit 305 outputs the voice guidance 

information transmitted from the guidance selection unit 304 
(step S306) . 

[0036] In other words, the information processing device 
(voice guidance device) according to the present invention 

10 outputs guidance information for troubleshooting of an 

information processing apparatus used by a user. Thus, the 
information processing device includes the user information 
acquisition unit 301 for identifying the user who is 
operating the information processing device, the trouble 

15 history database 306 for storing trouble history information 
unique to user, the trouble detection unit 302 for 
identifying the type of trouble the user experiences, the 
voice guidance database 307 for storing at least one piece 
of guidance information on the trouble, the guidance 

20 selection unit 304 for selecting appropriate guidance 

information on the basis of the trouble history information 
on the trouble unique to the user, and the voice output unit 
305 for outputting the selected guidance information. 
[0037] Also, the information processing device according to 

25 the present invention further includes the troubleshooting 
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knowledge determination unit 303 for determining the degree 
of the user's knowledge about troubleshooting on the basis 
of the trouble history information of the user, and the 
guidance selection unit 304 selects appropriate guidance 
5 information from the voice guidance database 307 on the 
basis of the results determined by the troubleshooting 
knowledge determination unit 303. 

[0038] The specific operational procedures according to the 
second embodiment will now be described by way of example of 

10 a copying machine. 

[0039] After the user presses a button to acquire a user ID, 
guidance for inputting user information is displayed on a 
touch panel or the like. The input of the user ID and the 
like by the user using the button or the like allows the 

15 copying machine to identify the user. Here, for example, a 
paper jam occurs during the use of the copying machine by 
the user. 

[0040] The number of times the user has experienced the 
paper jam is determined by referring to the trouble history 
20 database 306. The trouble history database 306 includes 

such information on trouble. Thus, the number of times the 
user has experienced the trouble and the time when the 
trouble occurred can be determined, as in determination for 
the operation. 

25 [0041] A process of a guidance determination method 
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according to the second embodiment will now be described 
with reference to a flowchart shown in Fig. 6. Trouble 
history information is acquired (step S401) . Since the 
nximber N of times the user has experienced the trouble is 
5 known in step S4 01^ it is determined whether or not the 

number N of times the user has experienced the trouble is 
greater than or equal to a trouble threshold number Nt (step 
S402) . If the number N of times the user has experienced 
the trouble is less than the trouble threshold number Nt (if 
10 the determination in step S402 is negative) , it is 

determined that detailed guidance for the troubleshooting is 
necessary (step S403) . 

[0042] If the number N of times the user has experienced the 
trouble is greater than or equal to the trouble threshold 

15 number Nt (if the determination in step S402 is positive) , 
difference Ts between the current time information T and 
trouble history (time information) T' is calculated (step 
S404), and it is determined whether or not the difference Ts 
is greater than or equal to a trouble history threshold 

20 value Tt (step S405) . If the difference Ts is greater than 
or equal to the trouble history threshold value Tt (if the 
determination in step S405 is positive), it is determined 
that the detailed guidance is necessary (step S406) . If the 
difference Ts is less than the trouble history threshold 

25 value Tt (if the determination in step S405 is negative), it 
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is determined that the detailed guidance is not necessary 
(step S407) . In this case, simple guidance is set. 
[0043] In other words, in the information processing device 
(voice guidance device) according to the present invention, 
5 the trouble history information means the number N of times 

each user has experienced each kind of trouble and the 
frequency of experience of each kind of trouble by each user, 
which is the inverse of the difference Ts of time 
information . 

10 [0044] Also, in the information processing device according 

to the present invention, the voice guidance database 307 
stores detailed guidance information and simple guidance 
information for troubleshooting for each kind of trouble. 
For a case where the number of times the user has 

15 experienced the trouble is small or for a case where the 
number of times the user has experienced the trouble is 
large, but the frequency of the experience is low, the 
detailed guidance information is selected by the guidance 
selection unit 304. In contrast, for a case where the 

20 number of times the user has experienced the trouble is 

large and the frequency of the experience is high, the 
guidance selection unit 304 selects the simple guidance 
information. 

[0045] Moreover, in the information processing device 
25 according to the present invention, for a case where the 
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number of times the user has experienced the trouble is 
large and the frequency of the experience is high, the 
guidance selection unit 304 does not select any guidance 
information. Thus, the voice output unit 305 does not 
5 output any guidance information. 

[0046] When the process determines that guidance is 
necessary, corresponding guidance is output by voice. For 
example, voice guidance, such as "Paper jam. Please open 
panel 1, and pull lever 1 at the upper left..." is output. 
10 Also, more detailed guidance may be provided on the basis of 
information about in what paper feed unit the paper jam 
occurs . 

[0047] When simple guidance is provided, simple guidance, 
such as "Paper jam. Please pull lever in the panel..." is 

15 output. Also, the degrees of outputting the voice guidance 
may be classified depending on the number of times the user 
has experienced the trouble. For example, the output speed 
of the voice guidance may be increased if the number of . 
times the user has experienced the trouble is large, and the 

20 output speed of the voice guidance may be reduced if the 

number of times the user has experienced the trouble is 
small. Accordingly, the speed of voice output may be 
changed in accordance with the number of times the user has 
experienced the trouble. 

25 [0048] Also, instead of providing simple guidance, output of 
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all guidance may be eliminated. Moreover, the guidance 
described above is not necessarily provided in voice. The 
guidance may be displayed as "characters" on a monitor, a 
panel, or by any other manner which would allow practice of 
5 the present invention. 

[0049] The output of such voice guidance is not necessarily 
limited to the case described above where a copying machine 
is used. The output of such voice guidance is also 
applicable to a facsimile machine, an application program on 
10 a personal computer, and any other case that would allow 

practice of the present invention. 

Third Embodiment 

[0050] The previous two embodiments described methods for 
15 separately outputting guidance for performing an operational 

procedure and guidance for troubleshooting a problem. In 
the present embodiment, these two methods are combined. 
More specifically, in the information processing device 
according to the present invention, the guidance for 
20 troubleshooting may be provided when the guidance for an 

operation is provided. 

[0051] If trouble occurs when operational guidance is output, 
such as when a user is listening to the operational guidance, 
the operational guidance is switched to troubleshooting 
25 guidance. Accordingly, the guidance for troubleshooting is 



- 21 - 



output in preference to the guidance for an operation. 
Determination of troubleshooting knowledge and operational 
knowledge is performed as in the first and second 
embodiments. The operational guidance is temporarily 
5 suspended during the output of the troubleshooting guidance, 
and the suspended operational guidance is started again 
after the troubleshooting is completed. 

[0052] In other words, the information processing device 

(voice guidance device) according to the present invention 

10 outputs guidance information for an operation performed for 

an information processing apparatus by a user or guidance 
information for troubleshooting of the information 
processing apparatus used by the user. The user is 
identified, and the type of operation performed by the user 

15 or the type of trouble the user experiences is identified. 

Appropriate guidance information is selected from the voice 
guidance database storing at least one piece of guidance 
information for each operation and for each kind of trouble 
on the basis of operation history information on the 

20 operation unique to the user or on the basis of trouble 

history information on the trouble unique to the user, and 
the selected guidance information is output. 
[0053] Also, the information processing device according to 
the present invention determines the degree of the user's 

25 knowledge about the operation on the basis of the operation 
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history information on the user or determines the degree of 
the user's knowledge about the troubleshooting on the basis 
of the trouble history information on the user, and selects 
appropriate guidance information from the voice guidance 
5 database on the basis of the determined results. 

[0054] Moreover, in the information processing device 
according to the present invention, the guidance information 
for the troubleshooting is output in preference to the 
guidance information for the operation. 

10 [0055] The output of such voice guidance is not necessarily 

limited to the case described above where a copying machine 
is used. The output of such voice guidance is also 
applicable to a facsimile machine, an application program on 
a personal computer, or any case that would enable practice 

15 of the present invention. 

Other Embodiments 

[0056] The present invention is applicable to a system 
including a plurality of apparatuses, such as a host 

20 computer, an interface apparatus, a reader, and a printer. 

The present invention is also applicable to an apparatus, 
such as a copying machine or a facsimile machine. 
[0057] The object of the present invention can also be 
achieved by supplying a recording medium (or a storage 

25 medium) on which program codes of software for realizing the 
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functions of the embodiments described above are recorded to 
a system or an apparatus and by causing a computer {or a CPU 
or an MPU) of the system or the apparatus to read and 
execute the program codes stored in the recording medium. 
5 In this case, the program codes themselves read from the 

recording medium realize functions of the embodiments 
describe above. Thus, the recording medium that records the 
program codes constitutes the present invention- The 
functions of the embodiments described above can be realized 

10 not only by executing the read program codes by the computer 
but also by performing part or all of the actual processing 
by an operating system (OS) or the like running on the 
computer on the basis of instructions of the program codes. 
[0058] The functions of the embodiments described above can 

15 also be realized by performing part or all of the actual 
processing by a CPU or the like arranged in a function 
extension card of the computer or a function extension unit 
connected to the computer on the basis of instructions of 
program codes read from the recording medium after the 

20 program codes are written in a memory of the function 
extension card or the function extension unit. 
[0059] In a case where the present invention is applied to 
the recording medium described above, program codes 
corresponding to the flowcharts described above are stored 

25 in the recording medium. 
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[0060] As described above, according to the present 
invention, appropriate voice guidance is selected from a 
plurality of pieces of voice guidance and output from a 
single apparatus in accordance with user's operation history 
5 and user's knowledge about the apparatus. 

[0061] In other words, when the user operates a user 
interface, such as a button, voice guidance appropriate for 
the user can be output by referring to the number of times 
the user has pressed the button and the operation history. 

10 Also, when the user experiences trouble, user's knowledge 

about the troubleshooting is determined from information on 
the number of times the user has experienced the trouble and 
the trouble history, thus enabling guidance appropriate for 
the user to be output. Accordingly, appropriate voice 

15 guidance can be provided to a user who operates a button for 
the first time, a user who experiences trouble for the first 
time, or a user who does not know operational procedures. 
Also, for a user who is familiar with the operation or the 
troubleshooting, voice guidance can be eliminated or simple 

20 guidance can be provided. 

[0062] While the present invention has been described with 
reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 

25 the contrary, the invention is intended to cover various 
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modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
5 equivalent structures and functions. 



